Objective: Since the potential mental health benefits of exercise during pregnancy remain unclear, this study examined longitudinally the bidirectional relationship between exercise and maternal mental health symptoms during the perinatal period, and included adjustment for both depression and antidepressant treatment.
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The need to develop interventions to improve mental health in pregnancy is increasingly being recognized and can only be enhanced by drawing on evidence from welldesigned cohort studies. Poor mental health has been associated with increased risk of pregnancy complications resulting in poorer outcomes for both mother and infant (1) (2) (3) . For example, outcomes such as pregnancy-induced hypertension (PIH), preterm birth (<37 weeks), and low infant birth weight (<2500g) have all been demonstrated as more prevalent in women with antepartum depression (4, 5) . It is likely that such relationships are mediated by mechanisms such as glucose regulation, changes in vasculature and placental function, maternal stress regulation and the inflammatory response (5) (6) (7) . In the long-term, offspring exposed to chronic maternal stress and inflammation during pregnancy may be more likely to develop psychological disorders (8) (9) (10) (11) . During pregnancy, there is evidence of the preventative and protective benefits for pregnant women who maintain and even increase physical activity (12, 13) .
Randomized control trials (RCTs) in adults with mental disorders have demonstrated exercise has some efficacy as an intervention for depressive symptoms, anxiety and quality of life (14) . The mechanisms through which exercise is associated with improved physical and psychological health is most likely the regulation of stress hormones, such as cortisol, via the hypothalamus-pituitary-adrenal (HPA) axis (15) and subsequent anti-inflammatory protection against a chronic low-grade inflammatory response (16) . There is good evidence to support the safety of exercising during pregnancy and the positive effects that exercising yields for maternal and infant outcomes, and fetal development (17) (18) (19) (20) (21) (22) (23) .
The strength of this empirical support has culminated in clinical guidelines from the American College of Obstetricians and Gynecologists (12) and the Royal Australian and New Zealand College of Obstetricians and Gynaecologists (13) recommending health care professionals to encourage modified exercise routines during pregnancy following careful A C C E P T E D M A N U S C R I P T 5 assessment of medical and obstetric complications (24) . These guidelines specify the need for appropriate duration, intensities, and activities for pregnant women following the careful assessment of absolute and relative contraindications, such as pregnancy-induced hypertension and fetal growth-restrictions. However, these guidelines only briefly acknowledge the benefits of exercising for general psychological wellbeing for pregnancy women.
Several observational studies to date have examined natural patterns of physical activity during the perinatal period. A recent study plotted trajectories of exercise for pregnant women during only the antepartum period (25) . On average, physical activity increased in the first trimester, plateauing during the third trimester and sharply declining late in the third trimester. Women who self-identified as inactive engaged in less physical activity at the beginning of pregnancy and became more sedentary further into the pregnancy. Another study demonstrated that physical activity rebounds by three months postpartum, returning to levels in the first trimester (26) . These studies of general populations did not explore the associations between exercise and mental health during pregnancy.
The few studies that have documented the associations between exercise and mental health across the perinatal period (27, 28) have used small samples of healthy women (29) .
Using a sample of 43 women, Goodwin et al. demonstrated that women who self-reported any exercise during pregnancy were less likely to score in the clinical range of the General Health Questionnaire compared to women who self-reported no exercise during pregnancy.
Poudevigne and O'Connor compared the changes in associations between physical activity
and mood in a group of 12 pregnant women to a matched group of 12 non-pregnant women for seven months. They found that similar to non-pregnant women during the same period, above-average energy expenditure by healthy pregnant women was associated with mood stability during pregnancy. However, while there appears to be some association between
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6 exercise and mental health in pregnancy, a meta-analysis examining clinical trials of exercise in pregnancy identified low-to-moderate quality trials and concluded that there is only limited evidence that exercise is an effective treatment of depression during pregnancy (30) . To our knowledge, there are very few RCTs that have investigated whether exercise improves the mental health of pregnant women, and the nature of the longitudinal association between mental health symptoms and changes in exercise frequency throughout the perinatal period has not been previously examined.
In this study, we address this issue by using data from a relatively large cohort study (Mercy Pregnancy and Emotional Wellbeing Study; MPEWS) designed to specifically examine the course of common mental health disorders over the perinatal period, which allows for sophisticated modelling of the longitudinal pattern of symptoms. We use data on weekly exercise frequency over the perinatal period (at first and third trimesters, and six and 12 months postpartum) and investigate bidirectional associations with maternal mental health during the same period. Another advantage of MPEWS is that antidepressant medication use has been thoroughly documented; for the first time, we are able to examine patterns of exercise reported by women whose depression is being treated by an antidepressant.
First, we examine at each time point over pregnancy the differences in exercise frequency over the perinatal period, comparing three groups of women: those taking antidepressants, those with depression but not taking antidepressant medication, and control women. Although we expect that, on average, exercise frequency will reduce during pregnancy and increase again in the postpartum, we hypothesize that control women will report significantly more frequent exercise at each time-point during the perinatal period.
Second, after controlling for a depression diagnosis and antidepressant use, we will examine bidirectional associations between changes in exercise frequency during the perinatal period and changes in both depressive and anxious symptoms during the same
period. In a second hypothesis, for women whose exercise frequency reduces more steeply compared to the average, we hypothesise their depressive and anxious symptoms will increase more steeply compared to the average.
Method

Participants
The sample in this paper is drawn from the Mercy Pregnancy and Emotional Wellbeing Study (MPEWS), based in Melbourne, and uses data collected at four time-points: first and third trimester, and six and 12 months postpartum. A study protocol can be found in Galbally et al. (31) . Women with only one out of four points of data were not included in this paper leaving a subsample from this cohort of n = 258 (92% of the full cohort). The study recruited three groups: women taking antidepressants (n = 44), non-medicated women who met diagnostic criteria for Major Depressive Disorder (n = 28), and control women who did not meet criteria for diagnosis of depression or taking antidepressant medication (n = 186). A diagnosis of Major Depressive Disorder was used to stratify recruitment so that depression, which is a major focus of service delivery and prevention efforts in Australia, could be specifically examined. administered to all participating women upon recruitment to the study (i.e., prior to 20 weeks). In addition to the resulting groups of the recruitment framework, we also used a binary variable to group women with and women without a depression diagnosis. Women In our sample, the internal consistency of the STAI state scale was strong at each measurement, with Cronbach's alphas ranging .93 to .94.
Measures
Mental Health
Depression. A diagnosis of Depression including Major Depressive Disorder and
Antidepressants
At recruitment, women were asked about current and ongoing use of antidepressant
medication. Women who reported taking antidepressant medication during the first 20 weeks of pregnancy were recruited to comprise the antidepressant use group. This group included women who met diagnostic criteria for depression and those who did not. In this paper, we also use a binary variable to group the sample into no antidepressant use (0; n = 214) and antidepressant use (1; n = 44), irrespective of a depression diagnosis.
Exercise Frequency
Women were asked at first and third trimesters, and six and 12 months postpartum about their frequency of exercising. Specifically, women are asked to self-report the number of days per week they exercised in response to the question: "Over the last month, how many days per week would you do at least 30 minutes of vigorous physical activity (including activities such as walking briskly, riding a bike, gardening, tennis, swimming, running, etc.?)" Possible responses range between 0 and 7.
Covariates
We also examined potential covariates of exercise frequency and mental health symptoms, including seasonality, sleep quality, and social support. Seasonality was measured using the date of survey completion at each time-point to code Autumn and Winter months (0), and Spring and Summer months (0) as a potential predictor of variation in exercise frequency due to extreme weather. Sleep quality was measured using the total Pittsburgh Sleep Quality Index (PSQI) (38) and partner social support was measured using both subscales of the Social Support Effectiveness Questionnaire, Help with Tasks and
Responsibilities and Emotional Support (39) .
Statistical Analyses
To describe the cohort's exercise frequency during the perinatal period (first trimester pregnancy through to 12 months postpartum) and address the first hypothesis, we present
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10 descriptive statistics for reported exercise frequency (measured as frequency of 30-minute sessions of oderate to vigorous physical activity per week for the last month) at each timepoint for women taking antidepressants, women with depression not taking antidepressant medication, and healthy controls. We also conducted between-groups comparisons at each time-point using four analyses of variance (ANOVA) tests, accompanied by Tukey HSD posthoc tests. We report Cohen's d to describe the magnitude of between-group differences for pairwise comparisons, and regard effect sizes of 0.2, 0.5, and 0.8 as small, medium and large effects, respectively. Where group variances were not homogeneous, which is more likely when groups are unequal and one or more groups are small, the robust Welch F test is conducted and followed up with Dunnett's C post-hoc tests. To aid interpretation of the effects, we present exact p-values for tests as well as 95% confidence intervals (CIs) for estimates. These analyses were conducted using SPSS version 24 (40) .
To address the second hypothesis, we conducted multivariate latent growth curve modelling to test for bidirectional associations between growth in exercise frequency and growth in both depressive and anxious symptoms during the perinatal period. Latent growth modelling was conducted using Mplus version 7 (41) . We used Bollen and Curran's (42) guide to conducting parallel process modelling, in which univariate growth models are initially developed for each construct separately and then combined in multivariate growth Table 2 .
Results
Sample Characteristics
The mean age of the women at recruitment was 31 In order to test the first hypothesis, we ran four ANOVA tests comparing exercise frequency between the three groups at each time-point. During the first trimester, women in the antidepressant use group reported exercising between a day and a half and two days per
Group Differences on Frequency of Exercise
week, compared to two and a half days per week for both depressed and control women. Table 2 . This table also presents standardized path coefficients for the univariate unconditional (i.e., Models 1, 3 and 5) and conditional models (i.e., Models 2, 4 and 6).
Exercise Frequency and Mental Health Symptoms
Model 1 for growth in exercise frequency demonstrates that, on average, woman reported exercising for 30 minutes per day between two and three days per week during the first trimester. The women reported significant increases in their exercise frequency across the perinatal period to 12 months postpartum; however, increasing growth in exercise frequency slowed significantly. In fact, between six months and 12 months postpartum, women reported exercising, on average, fewer days per week compared to at six months postpartum. Average exercise frequency in the first trimester and average linear slope growth factors varied significantly in Model 1. In Model 2 for exercise frequency, the addition of a variable indicating a depression diagnosis on the SCID was not associated with any difference in both first trimester exercise frequency and linear growth. Antidepressant use, however, was associated with lower exercise frequency during the first trimester and
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15 significant growth in exercise frequency during the perinatal period that did not slow to 12 months postpartum, when compared to women who did not report antidepressant use. Figure   2 illustrates the growth trends, using model-estimated exercise frequency means adjusted for diagnosed depression and antidepressant use using. Although antidepressant use did predict both first trimester exercise frequency and linear slope growth, the estimated variance for these growth factors remained significant, suggesting that antidepressant use does not account for all the variability in women's exercise frequency.
In Model 3, the average woman in the cohort reported a low EPDS score during the first trimester, which did not change significantly during the perinatal period. However, there was significant variance around the model-estimated averages for EPDS in both the first trimester and the linear slope growth factors. In Model 4, only a depression diagnosis significantly differentiated women's depressive symptoms during the first trimester, such that women diagnosed with depression reporting significantly higher EPDS scores (see Figure 2 ).
Neither depression, nor antidepressant use, were significant predictors of the EPDS linear slope growth factor.
Model 5 focused on state anxiety and this analysis showed that during the first trimester, women, on average, reported a symptom level of state anxiety consistent with normative adult levels (37) . On average, state anxiety reduced significantly over the perinatal period; however, this negative linear slope slowed significantly, and, in fact, state anxiety increased on average between six and 12 months postnatally. There were significant variances around first trimester state anxiety and the average declining linear slope of these symptoms. Of note, the unconditional model fit the data only moderately well; with the inclusion of the two time-invariant covariates, Model 6 for state anxiety was a better fit of the data (see Table 2 ). In Model 6, a depression diagnosis differentiated between first trimester state anxiety, such that women with a depression diagnosis reported significantly higher state
ACCEPTED MANUSCRIPT
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16 anxiety symptoms. Both a depression diagnosis and antidepressant use did not predict the first trimester and linear slope latent growth factors in state anxiety over the perinatal period (see Figure 2 ). Model estimated means and variances for all estimated growth factors remained significant after adjusting for the time-invariant covariates. Time   Point  1  2  3  4  5  6  7  8  9  10  11  12  13  14 1. Depression a T1 - RMSEA (95% CI's) 0 (0, .08) 0 (0, .50) 0 (0, .09) 0 (0, .05) .10 (.05, . 16 ) .06 (0, .11) SRMR 0.03 0.02 0.03 0.02 0.08 0.03 
Exercise and Mental Health Parallel Process Models
Figures 3 and 4 present the latent growth variables and their correlations and
standardized regression estimates for parallel process Models 7 and 8, respectively. Both models showed strong model fit indices indicting good fit to the data (see notes to Figures 3 & 4) . In both models, neither the exercise frequency nor the mental health measuresdepression symptoms and state anxietyduring the first trimester (i.e., the intercept latent variable) predicted linear slope growth in the other. The intercept levels, however, were associated significantly in both models. This means that women who reported exercising more frequently than the sample average (i.e., > 2.5) during the first trimester, also reported lower than the average depression symptoms scores (i.e., < 5.5) with a correlation of r = -.21.
The same pattern emerged with respect to anxiety, with a slightly stronger negative association (r = -.38), more frequent exercise during the first trimester was associated with lower than average (i.e., < 33) state anxiety scores. Also, exercise frequency and mental health linear slope growth factors were negatively correlated in both models (depression linear slope and exercise, r = -.21; anxiety linear slope and exercise r = -.41). Although only approaching the conventional value for significance (p = .095), decreasing weekly exercise frequency during the perinatal period was weakly associated with increasing depression symptoms during the perinatal period. Decreasing linear change in exercise frequency demonstrated a moderate and significant association with a steeper increasing change in state anxiety score during the perinatal period.
We also ran alternate models for Models 7 and 8, adjusting for the effect of several 
Discussion
In this study, we described the trajectory of exercise frequency during the perinatal period in a cohort of Australian women and investigated how major depression, antidepressant use, and mental health symptoms were associated with exercise frequency during this period. Our results only partially support hypothesis 1, such that only during the first trimester, control women reported significantly more frequent weekly exercise compared to women taking antidepressants. However, exercise frequency reported by control women did not differ compared to non-medicated depressed women, and there were no significant differences in exercise frequency between the groups during third trimester, and at six and 12 months postpartum. In early pregnancy, women taking antidepressants reported significantly fewer days per week exercising (< 2 days/week) when compared to both healthy controls and depressed women who were not taking antidepressants; women in these two groups reported approximately two and a half day of exercise on average per week. However, after early pregnancy, the groups did not differ in reported exercise frequency at each of the subsequent time-points.
One of the key findings in this study is that women taking antidepressants in the first trimester reported significantly lower levels of weekly exercise frequency, compared to women in both other groups. However, their average exercise frequency increased to nearly three days per week by six months postpartum, which was similar to the level of exercise reported by control women. Overall, exercise frequency was significantly increasing for women taking antidepressant medication, compared to women not taking antidepressants.
Possible explanations include the idea that women on antidepressant treatment have been encouraged by their treating clinicians to exercise as an adjunctive behavioural strategy to pharmacological treatment to improve their mental health, or that women taking antidepressants gradually feel less fatigued due to the efficacy of the medication and this leads to greater physical activity.
We also examined the longitudinal bidirectional associations between changes in exercise frequency and changes in mental health symptoms during the perinatal period.
Results from the parallel process models support our second hypothesis: women who reported faster reductions in their exercise frequency during the perinatal period, reported increasing symptoms of depression and state anxiety. This finding is consistent with other studies that have demonstrated the same association in non-pregnant populations (45, 46) . This may have important practice and public health implications and suggests that those women with higher anxious and depressive symptoms early in pregnancy, and particularly for those treated with antidepressants, maintaining, or increasing to a healthy level of exercise
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25 frequency during the perinatal period may lead to improvements in depression or anxiety symptoms.
Notably, these results are potentially useful for general practitioners and obstetricians, as recommending exercise as part of a healthy lifestyle across pregnancy and the postpartum may represent an opportunity for improvements in mental health. Furthermore, the findings of this study support the associations between exercise and mental health during pregnancy and particularly so for women diagnosed with depression. With existing research to support the safety of exercise during pregnancy and the benefits of exercise for mother and child, these results provide preliminary evidence to support these benefits specifically for pregnant women with depression.
The results of this study make important contributions to understanding the bidirectional relationship between exercise, pregnancy and maternal mental health. To our knowledge, this is the first study to report repeat measurement of both exercise and depression across the perinatal period and to include a diagnostic measure of depression and a group treated with antidepressant medication. Although the exercise frequency was relatively stable in the modelling, the finding of a significant negative quadratic factor suggests that at each subsequent time-point after early pregnancy, an accelerating reduction in exercise frequency began to emerge. This finding is contrary to previous research, which has documented exercise frequency in healthy women to reduce closer to delivery, but then returns to early pregnancy levels (and if this were the case, it would manifest in our models as a positive quadratic curve function) (25, 26) .
Healthy levels of physical exercise have been associated with broad psychological benefits, such as improvements in self-esteem, perceptions of physical appearance and quality of life (27, 28) , which may improve depressive and anxiety symptoms. At a biochemical level, increased and maintained physical activity improves biological functioning, such as optimising stress regulation via the HPA axis and enhanced regulation of the anti-inflammatory response. There is also evidence that maternal cortisol regulation influences vascular function, which is particularly important for the role of the placenta in pregnancy (47, 48) . Maintenance of healthy levels of physical activity or appropriate increases in physical activity during pregnancy and the postpartum may assist in the regulation of cortisol, vascular and inflammatory functions.
How exercise is measured is important in interpreting our findings. Most studies to date have utilised the number of steps taken during the day, how many minutes per day spent in context-specific activities, and defining physiological changes (i.e., heavy breathing and sweating) in response to the intensity of exercise. Whereas, we have specifically operationalised exercise frequency as the number of days per week during the previous month where the woman engaged in 30 minutes or more of moderate to vigorous physical activity. Our choice of operationalising exercise in this way was informed by an RCT study that reported a reduction in the rates of gestational diabetes mellitus in overweight/obese pregnant women who commenced 20-to 30-minute bouts of cycling exercise three times per
week early in pregnancy (22) .
Several limiting factors affect the generalizability of the results. There was a small nonmedicated depressed group of women (n = 28) and the range of EPDS and STAI scores and It is recommended that future research conduct randomised control trials for pregnant women with depression and anxiety to determine whether targeted exercise can reduce these symptoms during the perinatal period. For clinicians, this could provide a safe, evidencebased treatment, in addition to psychological interventions or psychopharmacology that can improve mental and physical health for women during pregnancy.
